Résumé. 2014 Nous observons la turbulence derrière un peigne tiré dans un film liquide mince. L'évo-lution de la taille des tourbillons, les processus de fusion des tourbillons et l'aspect général du champ de vitesse correspondent qualitativement aux prévisions théoriques et aux simulations récentes concernant la turbulence bidimensionnelle.
Abstract. 2014 We present the first observation of grid-generated two-dimensional turbulence in a thin fluid film. The evolution of the vortex sizes, the processes of vortex merging and the general aspect of the velocity field correspond qualitatively to theoretical predictions and to recent numerical simulations. Two-dimensional turbulence has been widely studied theoretically, but most articles on its observation refer to numerical simulations rather than to laboratory experiments. A general review on the subject was given by Kraichnan and Montgomery [1] . More recent works include articles by Tatsumi and Yanase [2] , McWilliams [3] , Basdevant and Sadourny [4] ... Experimentally, some characteristics of two-dimensional turbulence were observed in bulk fluids when rotation or a magnetic field created a strong anisotropy. Ibbetson and Tritton [5] , Hopfinger et ale [6, 7] studied turbulence in rotating systems. In M.H.D., the magnetic field has also a two-dimensionalizing effect on turbulent flows as was shown by Sommeria and Moreau [8] and Sommeria [9] . Finally, let us recall that Brown and Roshko [10] The experimental disposition that we are going to describe is designed to observe two-dimensional grid turbulence in these films. We will minimize the effect of air friction by working with thick films which also have minimum viscosity ~p. They will be placed horizontally so as to avoid buoyancy effects. ' 1. Experimental apparatus. figure 2 (c-g ).
For times t &#x3E; 1 s, the increase of the vortex size begins to saturate (Fig. 3d) as the size of the vortex field is no longer large enough to feed the evolution. On the last image (2g), the size of the vortices have become comparable to the width of the frame and a quasi-organized system of alternate vortices is observed in the length of the frame.
The visualization provided by the interference fringes shows a different type of image of the same phenomenon. The general aspect can be compared to the patterns produced by the simulations ofMcWilliams [3] or Basdevant and Sadourny [4] . Some characteristics are similar. In particular, the relative stability and strong activity of pairs of opposite vortices is evident, smaller structures located on their axis are seen drawn-in and then engulfed.
Discussion
We measured on several similar sets of photographs the diameter D of all the vortices in a given zone corresponding to a range of values t ± At. Figure 4 (a, b, c) Batchelor [14] for an energy-preserving two-dimensional system where the spectrum should have a self similar form, the length scale being proportional to time. Rhines [15] investigated this evolution which he described by where k1 is the mean wavenumber and u the rms speed In a numerical simulation of unforced inviscid flow, he found T -3 x 10' ~. Hopfinger et al. [7] interpret their results of a rotating tank experiment with a similar value. Though the numerical value of T is subject to the choice of definitions of D and k 1" our results clearly correspond to larger values of T(T -1). This result is surprising in view of the fact that dissipation of energy through viscous friction with the surrounding air should rather tend to slow down the evolution of D. The explanation probably lies in the inhomogeneities of the film thickness. These inhomogeneities are not due to a compressibility of the film but exist abready in the static state because of the slight curvature of the film under its weight and because of the addition of solid particles for visualization. Around each vortex, centrifugal forces will tend to displace the thicker zones (and the added visualization particles) towards the outer regions. The surface density of the film thus increases from the centre to the outer limit of each vortex. The region between neighbouring vortices is thickened so that their interaction is strongly enhanced. Furthermore, the inhomogeneities can play the role of a sort of« spatial noise » favouring the pairings.
Conclusion.
Various experiments that we performed with soap films show that they behave as two-dimensional fluids. However, they present several difficulties that appear in the present experiment. It is difficult to obtain a homogeneous thickness, so that the density of the film per unit surface is not constant The friction of the ambient air is not negligible and damps the motion. Finally, it is difficult to obtain very large films which would permit the energy cascade to be observed on a larger range of scales.
We do believe, however, that our results show clearly the two-dimensional turbulent evolution . of the structure towards large scales as well as its mechanisms. Further experiments and compari--son to numerical models should provide a better understanding of the processes involved in the enstrophy evolution.
